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(57) Abstract: Wind turbine blade comprises a first (1) and a second (2) elec- 
tric conductor extending in the longitudina] direction of the blade (25). and one 
or more electric heating elements (4) for heating the surface of the blade. The 
heating elements (4) are connected to the first and the second electric conductor. 
At its tip the wind turbine blade (25) is provided with a lightning receptor (5) 
for catching lightning, and the lightning receptor (5) is electrically connected to 
a third (3) conductor earthed so as to be able to carry die current from a stroke 
of lightning to the earth. The first and the second conductor are connected to 
the lightning receptor through spark gaps adjacent said lightning receptor and 
connected to earth through spark gaps adjacent the blade root. 
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Title: Wind turbine blade with a system for deici ng and lightning protection. 
Technical Field 

The invention relates to a wind turbine blade comprising a first and a second electric 
conductor which extend in the longitudinal direction of said blade, one or more 
5 electric heating elements for heating the surface of said blade and being connected 
to the first and the second conductor. 

Background Art 

Wind turbines are often exposed to damaging effects caused by the climatic condi- 
tions and the forces of nature. Generally speaking, the invention relates to protection 
10 of wind turbines and to be more precise it relates to protection of the wind turbine 
blades against damaging or undesired effects caused by icing on the surface of the 
blades and by strokes of lightning. 

Icing of aircraft wings is a well-known and severe problem for several reasons. The 
icing can change the aerodynamic profile of the wing and consequently damage the 
15 lift capacity of the wing. Moreover, pieces of ice can break off during the aviation 
and thereby damage the propellers or the turbine blades. Most places the problem of 
icing of aircraft wings has been solved by the aircraft being subjected to a spraying 
with specific chemicals prior to the take-off. 

The icing of wind turbine blades has also several negative consequences. The icing 
20 can also change the wing profile and consequently the aerodynamic properties of said 
wing, which has a negative effect on the efficiency. In addition, a non-uniform icing 
on wind turbine blades can involve a violent asymmetric load on the wind turbine 
structure, which can result in a breakdown. Finally, pieces of ice shed off the wings 
present a severe risk to for instance buildings and persons being near ttie wind tur- 
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bine. During recent years this problem has been increased because more and more 
wind turbines are placed in locations suffering from a high risk of icing. 

Icing on wind turbine blades can be removed by heating the surface of the blade, and 
the latter can be carried out in several ways. DE 196 21 485 discloses a wind turbine 
5 blade which is internally heated by means of hot air so as to provide a deicing. WO 
98/53200 discloses a wind turbine blade which can be deiced by means of heating 
elements comprising electrically conducting fibres. The heating elements can be 
arranged on the outside of or embedded in the wind turbine blade. A heating of the 
surfaces results in a melting of the interface bond between the surface of the wind 
10 turbine blade and the ice coating in such a manner that the latter is "shed off" as 

flakes:^. 'U^'r ■ . . - • •*;v^ 

. Modern wind turbines are often very large structures towering above the landscape, > .nr d l 
and many wind turbines are subjected to strokes of lightning every year. A stroke of * rci^n; .'^ir, 
lightning can involve extremely strong currents of the magnitude 10 to 200 kA within * 'r ii su j v 
15 a very short period. Damages caused by strokes of lightning vary from short inter- 
ruptions of the production due to for instance blown fuses, to severe damages where 
one or more of the blades are damaged, which in turn can cause damages on the 
entire structure. During recent years systems for protection of wind turbines against 
strokes of lightning have accordingly been developed. 

20 WO 96/07825 discloses a lightning protection system for wind turbine blades, where 
the blade tip has been provided with a so-called lightning receptor of electrically 
conducting material. This lightning receptor can "catch" a stroke of lightning and 
lead the lightning current downwards through a lightning down conductor which 
extends in the longitudinal direction of the blade and which is earthed through the 

25 wind turbine hub. This system proved to provide a particularly efficient protection. 



Brief Description of the Invention 
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The object of the invention is to provide a device which in a simple, inexpensive and 
reliable manner protects a wind turbine blade against both icing and strokes of light- 
ning. 

The wind turbine blade according to the invention is characterised in that said wind 
5 turbine blade is provided with a lightning conductor system known per se and com- 
prising a lightning receptor at the tip of the wind turbine blade and a third electric 
conductor electrically connected to said lightning receptor, and which is earthed at 
the blade root, and that the the first and the second conductor are connected through 
spark gaps adjacent the lightning receptor to said lightning receptor and are earthed 

10 through spark gaps at the blade root. As a result a wind turbine blade is obtained 
which can be deiced, and where the blade and, the heating elements are efficiently 
protected against strokes of lightning,. the lightning current primarily being carried 
to the ground through the third conductor and . at^^fprmation of electric arcs in the 
spark gaps secondarily being carried to ground through the first and the second 

15 conductor. The potential difference across the heating elements is always zero during 
the stroke of lightning and thus no damaging strong currents pass through said heat- 
ing elements. 

According to a preferred embodiment of the invention the first conductor adjacent 
the blade root is connected through an overvoltage cutout to a first current phase, and 
20 the second conductor adjacent said blade root is connected to a second current phase 
through an overvoltage cutout. As a result, an efficient protection of the power 
supply is obtained because the overvoltage cutouts interrupt the electric connection 
between the power supply and the first and the second conductor, respectively, in 
case of strokes of lightning. 

25 According to an advantageous embodiment of the invention the heating elements are 
placed externally on the surface of the blade. As a result, it is not necessary to 
change the blade structure because the strength of said blade is not reduced by such 
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a positioning. 

According to another embodiment of the invention, the heating elements are lami- 
nated into the blade material, whereby the surface properties of the wind turbine 
blade and consequently the aerodynamic properties of said blade remain unaffected. 



5 The heating elements are preferably made of a metal foil with the result that a uni- 
form heating of the surface of the wind turbine blade is obtained. Such a metal foil 
can also be glued onto the surface of the wind turbine blade without considerably 
changing die aerodynamic properties thereof. 



10 According to an embodiment, the first and the second conductor may be arranged in 
' ■ the wall 6f the wm^ ■■'K^'^^^/-bri^':: 

f ^ • in said blade: As a result a small interspaced is ensured between the heating elements ' v:>L ^4v^!i^t;.; 

"'' and the- first and the second conductor, respectively. iii6-BLi,*j: 

The heating elements are preferably arranged at the front rim of the blade because 
15 the icing often starts here during the operation of the wind turbine. 



The wind turbine blade according to the invention may comprise a pivotal tip, where 
at least a portion of the first and the second conductor extends into said pivotal tip 
and is connected through resilient contact members to the portion of the same con- 
ductor extending in the remaining blade portion, and where spark gaps can be pro- 

20 vided parallel to each contact member between the two portions of the same conduc- 
tor. As a resuh, an electric connection is obtained between the portions of die first 
and the second conductor extending in the tip and the remaining blade, respectively, 
while the contact members are simultaneously protected against lightning current and 
consequently the risk of a welding together because said lightning current passes 

25 through an electric arc in the spark gaps. As a result a simple and efficient protection 
of the wind turbine blades with a pivotal tip against icing and strokes of lightning is 
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obtained. 

Brief Description of the Drawings 

The invention is explained in greater detail below by means of preferred embodi- 
ments illustrated in the drawing, in which 

5 Fig. 1 is a front view of a wind turbine. 

Fig. 2 is a front view of a wind turbine blade and a wind turbine hub. 

Fig. 3 is a cross sectional view through a preferred embodiment of a wind turbine 
blade according to the invention, ( ' : : ' v ' V ' 

Fig. 4 is a diagrammatic view of the preferred embodiment of a wind turbine blade 
10 according to the invention, : ■ " 

Fig. 5 illustrates on a larger scale and in greater detail a portion of the blade shown 
in Fig. 4, 

Fig. 6 illustrates the tip of a wind turbine blade according to the invention, and 

Fig. 7 illustrates a portion of a wind turbine blade with a pivotal tip according to the 
15 invention. 

Best Mode for Carrvine Out the Invention 

The wind turbine shown in Fig. 1 comprises essentially a tower 31, a wind turbine 
hub 30 and three blades 25, which in the illustrated embodiment are provided with 
a pivotal tip 26. The tip 26 can be turned 90° relative to the remaining portion of the 
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blade and operate as an air brake. Fig. 2 illustrates on a larger scale one of the wind 
turbine blades 25. The portion of the blade 25 adjacent the hub 30 is called the blade 
root 35. During operation of the wind turbine, the blade turns in a direction of the 
arrow 32. The rim positioned in front in the direction of rotation is called the front 
5 rim 33, and the rim positioned at the back in said direction of rotation is called the 
rear rim 34. 

Fig. 3 is a cross sectional view taken along the line III-III through the wind turbine 
blade of Fig. 2. The blade is a monocoque construction with an internal cavity. The 
details shown in Fig. 3 will be explained below. 

\.10 Fig. 4 is a diagrammatic view of a preferred embodiment of portions of a wind - 
i ' turbine blade according to the invention. The portions illustrated are of a geometric 
u ' ; extent corresponding to the geometric extend of the wind turbine blade, and they. 
^ . ; ; ; incIudc a lightning receptor 5. at the tip of said wind turbine blade, a first 1 , a second 
• 2 and a third 3 electric conductor, electric heating elements 4, four spark gaps 7a, 
15 7b, 9a, 9b and two overvoltage cutouts 6a, 6b. The lightning receptor 5, viz. the 
lightning conductor, is formed by a metal part exposed at the tip of the blade and 
capable of catching a stroke of lightning. The lightning receptor 5 is earthed 20 
through the electric conductor 3. This earth connection is, of course, provided 
through the hub 30 and the tower 31 of the wind turbine. In the embodiment shown 
20 in Fig. 4 the device comprises three electric heating elements 4 connected to the first 
1 and the second 2 conductor, respectively. The first 1 and the second 2 conductor 
are at the root 35 of the wind turbine blade connected through overvoltage cutouts 
6a, 6b to a first current phase 37a and a second current phase 37b, respectively, of 
a three-phase AC supply, and through the spark gaps 9a, 9b they are connected to 
25 earth. When voltage is fed to the locations 37a, 37b, current passes through the 
electric heating elements 4, which in turn heat the surface of the wind turbine blade 
and melt the interface bond between the surface and possible ice coatings. As a result 
the ice coatings shed off. At the lip of the wind turbine blade, spark gaps 7a, 7b are 
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provided between the first 1 and the second 2 conductor, respectively, and the light- 
ning receptor 5. In case of strokes of lightning, the lightning current is immediately 
carried from ttie lighming receptor through the third 3 conductor and to earth. How- 
ever, an electric arc is quickly generated in the spark gaps 7a, 7b, 9a, 9b between the 
5 lightning receptor 5 and the first 1 and the second 2 conductor, respectively, and 
between the first 1 and the second 2 conductor and earth, respectively, with the result 
that said lightning current is also carried to the earth through the first and the second 
conductor. The lightning current carried through the primary third conductor 3 is, 
however, considerably more extensive than the lightning current passing through the 

10 first 1 and the second 2 conductor. The relatively strong lightning current dirough 
the first 1 and the second 2 conductor has the effect that the overvoltage cutouts 6a, 
6b interrupt the connection between the power supply 37a, 37b and the two conduc- 
tors 1 , 2. A correGt and uniform structuring of the ipark gaps and the first 1 and the 
second 2 conductor ensures that a uniform potential drop applies downwards through 

15 the first 1 and the second 2 conductor, and thus rib damaging strong currents pass 
through the heating elements. In other words the tdtal lightning current is distributed 
among the three conductors 1 , 2, 3, and a damaging heating of the blade material and 
the heating elements due to the stroke of lightning can thus be avoided. 

Fig. 5 illustrates on a larger scale a portion of the blade shown in Fig. 4. The heating 
20 elements 4 are formed by thin metal foils which can carry electric current and present 
a suitable electric resistance. As an alternative, the heating elements can include 
electrically conducting carbon fibres. The terminations between the heating elements 
4 and the first 1 and the second 2 conductor are here carried out by means of small 
plate-shaped electrically conducting members 9 and rivets 10. As an alternative, the 
25 plate-shaped members 9 can be welded onto the conductors 1 , 2 and the rims of the 
heating elements 4. Both securing methods are advantageous in being possible from 
only one side, such as from the outer side of the blade. 

Fig. 6 illustrates the blade tip and the spark gap 7b between the lightning receptor 5 
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and the second conductor 2. The spark gap is here formed as a circular concave face 
at the end of the conductor 2, said face partially surrounding a rod-shaped member 
40 on the lightning receptor 7. 

Fig. 7 is a sectional view of a blade with a pivotal tip 26. The tip 26 can be rotated 
5 about its longitudinal axis relative to the remaining blade 27. The pivotal connection 
between the tip 26 and the remaining blade 27 is provided by means of a shaft 14, 
typically a carbon fibre shaft, in a manner known per se and which is therefore not 
described in greater detail here. The electric connection between the portion of the 
conductors 1 , 2 positioned in the tip 26 and ttie portion of said conductors 1 , 2 posi- 

10 tioned in the remaining portion 27 of the blade is established by means of resilient 
contact members 15. Fig. 7 illustrates only the second conductor; d\ In the drawing, 
the tip 26 and consequently the contact member 15 are pulled away from the remain- 
ing portion .27 of the blade for the sake of clarity. Although it is!^riot shown in the 
drawing, a spark gap is provided between the two portions of the conductors 1, 2. 

15 In case of a stroke of lightning, an electric arc is generated in this .spark gap with the 
result that the lightning current can be carried from the tip to the earth around the 
contact members, which are thus not welded together due to a too strong heating. 
The third electric conductor 3 does not appear from Fig. 7, but it extends internally 
in the shaft 14. The third conductor 3 can be formed by a wire known per se which 

20 is used for controlling the tip 26. 

The heating elements 4 can eidier be laminated into the walls of the wind mrbine 
blade or be externally mounted on the surface, cf. Fig. 3. In the latter case, it is 
possible to mount the heating elements 4 in a size and number corresponding to the 
surface area of the blade which is desired to be heated. The front rim 33 of the blade 
25 is often particularly exposed to icing, and in Fig. 3 this front rim 3 is provided with 
heating elements 4, but any portion or portions of the surface can be provided with 
heating elements 4. In Fig. 3 these heating elements 4 have been incorrectly drawn 
for the sake of clarity. They can be so thin that in practice they do not change the 
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profile of the surface. Both in case the heating elements 4 are laminated into the wall 
13 of the wind turbine blade and in case said heating elements are externally mounted 
on said wind turbine blades, the modular structure ensures that it is possible to adapt 
each wind turbine to the actual climatic conditions. 

5 The first 1 and the second 2 conductor can be arranged on the outside of the surface 
of the blade or be embedded in the blade wall 13. In the embodiment illustrated in 
Fig. 3 they are arranged in recesses in the surface. The first 1 and the second 2 
conductor are preferably made of metal, but they can also be made of carbon fibre 
material optionally with metal coated carbon fibres. 

10 The potential drops across both the;cpnductor 3 arranged in the interior of the wind 
turbine blade i-cf. Fig. 3,.jand;;th^^ arranged conductors 1, 2 

present when correctly. established, viz . with the same inductance, the same potential 
across partial distances. As a resultjt is possible to omit potential equalizations, and 
it is ensured that the potential-difference^ across the heating elements 4 is always zero 

15 during a stroke of lightning, whereby no damaging strong currents pass through said 
heating elements 4. 

A switch relay (not shown) can be coupled between the terminal location 37a, 37b 
and the power supply. This relay can be cqnnected to an ice-sensor in the surface of 
20 the wind turbine blade, whereby the relay establishes an electric connection between 
the power supply and the conductor 1, 2 when the ice-sensor detects ice. 

The power supply is connected to the terminal locations 37a, 37b, cf. Fig. 4, and can 
be either a DC or an AC power supply. The power supply can either be the primary 
power supply of the wind turbine or be secondary power supplies arranged in the top 
25 or the bottom of the turbine or can be rotating with the blades inside said blades or 
inside the hub. 
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The electric conductors can furthermore supply power to secondary purposes, such 
as for a heating of shaft pipes inside blades with a tip, or for temperature sensors and 
transmitters of any kind requiring energy for processing signals and from which 
signals are transmitted downwards into the turbine by means of other techniques, 
such as radio waves, laser light or optical fibres. 

The invention is not restricted to the above embodiments. 
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Claims. 

1. Wind turbine blade comprising a first (1) and a second (2) electric conductor 
extending in the longitudinal direction of the blade (25), one or more electric heating 
elements (4) for heating the surface of the blade, said heating elements (4) being 

5 connected to the first (1) and the second (2) conductor, characterised in that 
said wind turbine blade is provided with a lightning conductor system known per se 
and comprising a lightning receptor (5) at the tip of the wind turbine blade and a 
third (3) electric conductor electrically connected to said lightning receptor (5), and 
which is earthed at the blade root, and that the first (1) and the second (2) conductor 
10 are connected through spark gaps (7a, 7b) adjacent the lightning receptor (5) to said 

lightning receptor and are earthed through spark gaps (9a, 9b) at the blade root. : . r; -. r ' i i;! 

2. Windt'turbine blade as claimed in claim 1, characterised in that the first . 'v.ii • ' - 
conductor (1) aidjacent the blade root is connected through an overvoltage cutout (6a) :d^^::^:r^;'?'^:''/tu\h'^::::L 
to a first current phase (37a), and that the second conductor (2) adjacent the blade - :r:ir ji;-^ \'\ 

15 root is connected to a second current phase (37b) through an overvoltage cutout (6b). 

3. Wind turbine blade as claimed in one or more of the preceding claims, char- 
acterised in that the heating elements (4) are externally arranged on the surface 
of the wind turbine blade (25). 

4. Wind turbine blade as claimed in one or more of the preceding claims, c h a r - 
20 acterisedin that the heating elements (4) are laminated into the wall (13) of the 

blade. 

5. Wind turbine blade as claimed in one or more of the preceding claims, char- 
acterised in that the heating elements (4) are made of metal foil. 



6. Wind turbine blade as claimed in one or more of the preceding claims, char- 
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acterised in that the first (1) and the second (2) conductor are arranged in the 
wall (13) of the wind turbine blade, and that the third (3) conductor is inserted in a 
cavity in the blade. 

7. Wind turbine blade as claimed in one or more of the preceding claims, char- 
acterised in that the heating elements (4) are arranged at the front rim of the 
blade (25). 

8. Wind turbine blade as claimed in one or more of the preceding claims, char- 
acterised in that it comprises a pivotal tip (26) known per se, and that at least 
a portion of the first and the second conductor (1,2) extends in the pivotal tip (26) 
and is connected to the portion of the same conductor (1, 2) extending in the remain- 
ing !blade portion (27) through resilient contact members (15), and that spark gaps 
are provided parallel to each of these contact members (15) between the two portions 
of the same conductor (1,2). 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 
p^DED TEXT OR DRAWING 
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BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□f^INES OR MARKS ON ORIGINAL DOCUMENT 

O REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



